Efforts to reduce energy use and environmental damage in China require an understanding of the rapidly rising demand for energy. Household use of fuels, electricity and gasoline has changed dramatically in response to rising incomes, changing prices and changing demographics. We estimate income and price elasticities for these energy types using a two-stage budgeting method, applying the AIDS model using Chinese urban household micro data. Taking age and regional effects into account, we find that total energy is price-inelastic for all income groups. For individual energy types, price elasticities range from -0.321 to -1.031. Gasoline is the most income elastic and electricity is the least. Low income households have higher price elasticities than richest ones. The richest households have higher price elasticities than medium income households. 
Introduction
With the rapid urbanization and economic growth, China's energy consumption is rising at one of the fastest rates in the world, almost 8% per year over the period 2000-2010. Residential energy consumption has grown even faster than the national total, in particular, household electricity use rose by 12.6% per year, and natural gas by 19.5% in the last decade 1 .
Although household energy consumption per capita is still low compared to the developed countries, it is catching up very fast. For instance, the total use for cooking and heating has more than doubled, from 123 kilograms standard coal equivalent (SCE) in 2000 to 258 kilograms in 2010 (NBS, 2012) . Household gasoline consumption increased at a 16% annual rate during 2000-2009 due to the rapid growth of motor vehicle use 2 . The International Energy Agency (IEA 2011) also projects that China will dramatically increase its share of global oil consumption, and Chinese household energy consumption patterns is converging to western ones. Such changes will have a significant impact on total energy consumption, which in turn, will have important implications for urban air quality in China.
The air pollution from past energy use has resulted in very high damages, World Bank and SEPA (2007) estimated that, even under conservative assumptions, health damages due to air pollution alone amounted to 1.16% of GDP in 2003; as well as another 0.26% worth of damages to agriculture and buildings. In response to the rising energy use and the severe air pollution of the last two decades, the Chinese government has implemented various energy conservation and emission control strategies. While the sulfur dioxide control policy in the 11 th Five-year Plan (2006 was quite successful in reducing SO2 emissions, the emissions of other pollutants such as nitrogen oxides (NOx) has been rising due to less stringent control, and this has led to rising levels of nitrogen dioxide and ozone (Cao, Ho and Jorgenson, 2012; Lin and McElroy, 2011) . The rise of household owned vehicles is an important source of this rise in NOx emissions, even as the reduction in household coal use has contributed to a reduction of other pollutants such as particulate matter (PM). Heating in 3 most northern cities still rely heavily on coal and contribute to the high levels of PM. The current and projected levels of PM and ozone pose a severe public health challenge. For instance, Chen et al. (2013) , applying a regression discontinuity design based on the distance from the Huai river, estimated that the average life expectancy of northern China is 5.5 years shorter owing to a higher incidence of cardio-respiratory mortality which is mainly driven by the long-term exposure to the pollution from coal use in northern China.
Successful strategies to reduce pollution from household energy use require a good understanding of the factors driving residential energy demand, that is, how households respond to changes in income, prices, technology and the structure of cities, given that the demographic profiles are changing in the meantime. Given the importance of this topic, however, research on urban household energy consumption using Chinese micro data is surprisingly scarce, mostly due to the limited access to Chinese micro level household data, especially on the energy consumption by type.
There is a substantial literature on energy demand for many other countries. Applying a two stage allocation method, Jorgenson, Slesnick and Stoker (1988) estimated price elasticities of demand for four types of energy using U.S. household consumption survey data. Gundimeda and Köhlin (2008) use the Linear Approximate Almost Ideal Demand System (LA-AIDS) to estimate price and expenditure elasticities of demand for four main fuels using household data in India. Ngui et al. (2011) use household survey data and LA-AIDS method to get price elasticities of eight kinds of fuels in Kenya. Fan et al. (1995) estimate household demand in rural China, but only for total fuels; they estimate the demand for food, clothing, fuels, housing and other commodities by applying a two stage AIDS model to a pooled time-series and cross-section of provincial mean consumption.
Most recent studies of Chinese household energy consumption are based on macro-level data; e.g. Shonali Pachauri and Leiwen Jiang (2008) compared the household energy transition in China and India using aggregate energy consumption and national averages from the statistical yearbooks. They pointed out that households in China have almost universal access to electricity and fuel gas and use twice the amount of energy, in 4 aggregate and per capita terms, compared to Indian households. Li et al. (2011) We use a 2-stage budgeting approach where total expenditures are allocated to energy and non-energy in the first stage using a linear expenditure system, and expenditures on particular types of energy are allocated in the second stage using AIDS. The AIDS model proposed by Deaton and Muellbauer (1980) , and 2-stage budgeting, have been widely used to estimate household demand, for example, the demand for meat (Eales and Unnevehr, 1988; Gao et al., 1996) , demand for fish (Cheng and Capps, 1993; Dey, 2000) , rural demand for fuels (Gundimeda and Köhlin, 2008) , and demand for nondurable commodities (Carpentier and Guyomard, 2001) . Although the 2-stage approach requires a separability assumption (e.g.
the choice of coal versus kerosene is independent of the choice of refrigerators), it allows a tractable measure of the main elasticities of interest. No study has used such an approach to estimate energy demand elastiticies in China and thus our paper is an empirical contribution to the China energy and consumption literature.
We choose the linear expenditure system for the first stage since it provides an intuitive economic interpretation and satisfies the separability requirement of two-stage budgeting. One needs an estimate of total expenditure in the first stage, and we make a particular effort to estimate the value of housing consumption that is usually overlooked by other studies given the difficulty in imputing the value of owner occupied housing. The CUHS data provides some detailed information on household consumption of electricity, coal, gas, and gasoline with data on quantities and values, as well as information on household demographic characteristics. In the second stage we employ the AIDS model to estimate the own-price elasticities, cross-price elasticities and expenditure elasticities for these four types of energy. 6 We divide households into three groups according to their expenditure levels: low, middle and high income group, and find that the low income group of households has the highest expenditure share for coal, while the richer groups use very little coal. The middle income group has low income elasticities for all types of energy. The high income group has elastic demand for gasoline and the low income group has elastic demand for coal. Gas (natural gas or LPG) is essentially a necessity for cooking and is price inelastic for all groups.
The structure of the paper is as follows. We start in section 2 with the model of consumer behavior, the two-stage budgeting approach and define the elasticities. We then present our data and discuss sample censoring issues in section 3. In section 4, we present the results of our two-stage regressions and section 5 concludes.
Model of consumer behavior

Two-stage budgeting approach
We assume that households behave as individual consuming units, and allocate their expenditures in two stages to maximize a utility function. In the first stage, it allocates total expenditure between a basket of energy commodities and a basket of non-energy commodities. In the second stage, household allocates total energy consumption among individual types.
The two stage budgeting approach dates back to Gorman (1959 Gorman ( , 1971 . Jorgenson and Slesnick (1988) and Baker, Blundell and Mickelwright (1989) Baker et al. (1989) , in using an AIDS system but simplify their procedure of using total expenditures on the right hand side in the second stage. Instead, we 7 use energy expenditures in the second stage, a procedure that is also used in Edgerton (1997) and Gundimeda and Köhlin (2008) .
First stage allocation
The first stage allocates total expenditures to an energy bundle and a non-energy bundle; the energy group covers all four types of commercial energy --coal, electricity, gas, gasoline and heating. We use a linear expenditure system where the value of the demand for bundle I is: 
Second stage allocation
In the second stage, households allocate the expenditure on energy ( ek y ) into four types of energy -electricity, gas, coal-heat, and gasoline. Some households purchase coal for heating purposes and, for simplicity, we combine coal use and heating together. "Gas" is the aggregate of piped gas, natural gas in tanks and LPG. Gasoline includes both gasoline and diesel. Let us denote the share of the i th type of energy in ek y of household k as:
where ik p is the price of the i th type of energy that household k faces.
We assume that the k th household allocates its expenditures according to the AIDS expenditure (i.e., cost) function: 
, electricity,coal-heat, gas,gasoline; 1, , i j k K  Therefore, the expenditure function can also be written as:
The coefficients i  are allowed to differ by demographic characteristics, the l 
To start the estimating procedure for (6) one needs an initial value for the household price k P since (7) depends on the unknown parameters, and we follow Deaton and Muellbauer (1980) in using Stone's (1954) linear price index defined by: log log
where i w is the expenditure shares averaged over the whole sample.
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Thus, in the first step, we use (eq. 8) to estimate the parameters in equation (6) using the Seemingly Unrelated Regression (SUR) technique, with homogeneity and symmetry restrictions imposed. Next, we compute a new price index of P k using the estimated parameters and equation (7). Then the demand system (6) is re-estimated using the new price index. The procedure is repeated until the parameters converge.
The conditions for exact aggregation are that the individual expenditure shares are linear for all consuming units. This implies the following restrictions on the parameters of the model:
For symmetry, the parameters should satisfy:
For homogeneity, the system should satisfy:
Estimation method
In the estimation of the first stage allocation, the linear expenditure system is estimated using non-linear least squares. We have just described the iterative SUR procedure for the second stage. There is a complication, however, that few medium and high income households consume coal, and very few low income households use gasoline. To avoid the problems of tiny shares, we assume low income households consume only electricity, coal 10 and gas. Similarly, we assume that medium and high income households consume only electricity, gas and gasoline.
Even with these smaller sets of energy some households have zero expenditure on some energy types. That is, there are two decisions for each household: whether or not to consume a particular energy and how much to consume. To correct for the potential selection bias, we first estimate a probit function for choosing energy i:
The selection function depends on the prices, total energy expenditures and demographic characteristics and  is the cumulative distribution function (CDF) of the standard normal distribution.
From the probit regression, we obtain the inverse Mills ratio for the type i energy,
 , where  is the normal density function and,
If household k decides to consume energy i, it will then determine how much to spend on it. To correct for the sample selectivity, many studies, following Heien and Wessells (1990) add ˆi k  to the second step, and estimate: 0l og log
Estimating (18) using the entire sample, however, is biased when there is a large number of censored observations as noted by Shonkwiler and Yen (1999) (also discussed in the Appendix of West and Williams (2004) ). OLS using only the positive shares is also inconsistent. In order to avoid this inconsistency, we use the equation introduced by Shonkwiler and Yen (1999) for censored seemingly unrelated regression: 
Price and Expenditure elasticities
The uncompensated own-and cross-price elasticities of energy and non-energy group in the first stage may be derived as:
The expenditure elasticity for total energy is:
The conditional and unconditional uncompensated expenditure elasticities of the two-stage LES-AIDS procedure can be computed from the estimated parameters using the following formulas suggested by Blanciforti, Green, and King (1986) 
The unconditional uncompensated price elasticity is:
Data issues and Sample properties
Data source and common data issues
We use an annual micro-level data set from the Chinese Urban Household Survey The survey gives quantity and values for the purchases of coal, gas, electricity and gasoline. One can impute unit values from these data. However, some households do not use all types of energy. To estimate the shadow prices for such households, we used the average price in the city where they are located. If there is no one in the whole city using a particular type of energy, we assume that households in that city face the provincial average price.
Income groups and imputations
Given the large differences observed in consumption patterns, many authors estimate the demand functions separately for the rich and poor. We also classified the households into three groups: low, middle and high income group. We use household annual expenditure as a proxy for life-time income and define the low income group as the households in the lowest 3 This CUHS data for 9 provinces is hosted by China Data Center, Tsinghua University 13 20%. The next 60% of households are defined as the middle income group and the highest 20% are put into the high income group.
China's consumption data has been widely discussed and debated in the past decade, focusing on the data quality and coverage issues (e.g. Benjamin, Brandt, Giles & Wang 2005) .
The biggest issue is housing consumption which changed dramatically; in the early 1990s, urban residents rented from the government at very low rents, but since 1994 the government has been selling housing to their staff and the State Council required all public housing and those of state-owned enterprises to be sold to their employees. By 2009, more than 80% of urban Chinese households own their residence and there have been big changes in housing prices. According to Xu et al. (2012) , by 2010 the share of housing costs in total household consumption is between 23.6% and 40.9% in four big cities (Beijing, Shanghai, Guangzhou, Shenzhen). 4 However this major consumption item is not explicitly given in the National Accounts reported in the China Statistical Yearbook. Since most households now do not rent, such expenditures are also not in the CUHS. The residence value, and thus the imputed rents, is strongly correlated with the possessions of durable goods and household assets.
Underestimating owner occupied housing would overestimate the elasticities of high income households.
The imputation of owner-occupied housing is very difficult in China due to the lack of survey data. Liu (2001) and Zhao and Li (1999) estimated a 9% rental to price ratio in 2001
for Shanghai. This ratio would be too high to be used for other cities in China especially in the early years. Chen (2012) estimated the rental to housing price ratio in Beijing, Shanghai, Guangzhou and Shenzhen for 1991-2010 and found a trend of declining rent-price ratios. In the most recent years the ratio is about 3% in that sample of four cities. However, even if we had estimates of national housing prices we cannot use these ratios directly. First, less than 20% 4 In the SNA, household consumption is composed of two parts -market rent and the rental equivalent of owner occupied housing (Xu et al., 2012) . Market rent is the rental price that households actually pay in a market transaction. Owner occupied housing rent is an imputed value that should ideally be based on equivalent rental units. In the Chinese National Accounts the imputation is made simply based on depreciation which is assumed to be 2% in the most recent Accounts.
14 of households in those cities rent during that period. Secondly, there are no similar studies computing rent price ratios for other types of cities. Housing prices are much higher in the biggest cities, that is, they have lower rent to price ratios than other cities in urban China.
In order to have a more complete measure of household expenditures, we imputed the owner occupied housing rental equivalent using the current housing value reported in the CUHS. Given the above results, and considering Chen's (2012) 3% ratio for the largest cities to be underestimating the national rent price ratio, we take a simple approach and assume a 4% national average rental price ratio. That is, our imputation of annual rental of owner occupied housing is the reported housing value multiplied by 4%.
Spatial prices
Spatial prices for the first stage estimation
For the energy and non-energy bundles in the first stage, we construct provincial level energy and non-energy prices for each year. Energy consumption includes coal-heat, electricity, gas and gasoline. Non-energy consumption includes food, durables, consumption goods, housing, and services. We use the provincial prices constructed by Brandt & Holz 
Spatial prices of the second stage estimation
To estimate individual price and income elasticities, we divide energy consumption into three categories for each income group. The low income group household consumes electricity, gas and coal (include heating); the tiny consumption of gasoline is ignored. The medium and high income groups are assumed to consume electricity, gas-coal-heat (a bundle which includes coal and heating), and gasoline.
For the detailed energy types we do not need to rely on provincial averages, like Gundimeda and Köhlin (2008) , we impute unit prices using the quantity and value data of There are four types of cooking gas in our data --coal gas, LPG, natural gas, and petroleum gas. household unit prices of coal gas, LPG, natural gas and petroleum gas respectively, and , , However, the survey only reports LPG and "gas" for 2002-2007, there are no details for the different types of gases. We turn to prices collected by the National Development and Reform Commission 7 to make adjustments on our LPG price data. We first identify the counties, or county-level cities, that did not change their types of pipe gas. We can thus infer the kind of gas the households there used before 2008. We are then able to use unit value of a given type of gas and convert them to coal gas-equivalents.
For the medium and high income groups we only identify a single gas-coal-heating group. The price index of the gas, coal and heating bundle is then given as: Table 1 gives some summary statistics for the three income groups. It shows how energy consumption patterns differ greatly across groups, for example, the richer the household, the smaller the expenditure shares of coal and gas. Gasoline consumption is 19% of total energy consumption for rich urban households, but they consume hardly any coal.
Electricity plays the most important role in urban household energy and the prices of electricity are almost the same across income groups and slightly varied over time. However, the poorer households face lower coal prices in our sample, most likely because they are located close to coal producing regions. Gasoline prices are quite similar for the different groups. Table 2 we give the expenditures by these demographic categories.
Given the structure of compensation we distinguish households by the employment status of the head. Most workers in state-owned enterprises (SOE) live downtown, where there is more convenient access to high quality energy at a lower price. The SOEs also subsidizes or provides food for their workers, which allow them to eat less at home. In Table   3 we give the average prices faced by the different employment groups as well as the share of total expenditures devoted to eating outside the home. We defined five occupation categories:
working in the formal state-owned enterprise, private enterprise, self-employment, retired, and others (unemployed or working without formal job). As we can see, households where the head works in a SOE, have access to cheaper energy and have a higher share of dining out expenditures. A majority of household heads in our sample work in a SOE.
We include provincial dummies to capture the differences across provinces; differences in local culture, resource endowment and climatic condition. Beijing, Zhejiang and Guangdong are the richer provinces. 
Empirical results
Price and expenditure elasticities of total energy consumption
The result of estimating the first stage equation (1) is given in Table 4 . All of the parameters of the first stage regression are significant at the 1% level. Recall that we only have provincial prices for the non-energy basket, instead of household specific prices. Table 5 gives the expenditure and price elasticities of the energy bundle by income group, computed using the formulas in section 2.3. They are all significant at the 1% level.
Energy is a necessity for all groups; the expenditure elasticities range from 0.690 for the poor group to 0.800 for the rich group.
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The price elasticities are significant at the 1% level and range from -0.373 to -0.193. The price elasticity of the rich group is higher than the other two groups. 
Probit estimation of adopting individual energy
In Tables 6 and 7 , we present the probit estimates of equation (16). We did not have to consider the electricity choice decision since almost all households in urban China have access to, and use, electricity. These tables provide evidence of negative price effects for choosing a particular type of energy.
As we noted earlier, high and middle expenditure groups use very little coal and so we estimate the coal probit only for the low income group. We included the small amount of coal into gas consumption for medium and high income groups. Households with higher expenditures on energy, or larger household size, are more likely to consume all types of energy. Old people with low income have a higher probability of choosing coal. Low income households whose household head works in non-SOE companies are more likely to use coal.
21 Table 6 Probit estimate for coal and gasoline selection Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1
Note: provincial dummies, year dummies and the interactions are not reported
In the choice of using gasoline by the middle income and rich groups, higher gasoline prices reduce the probability of using it significantly (at the 1% level). The higher the expenditure on total energy, the higher is the probability of consuming gasoline. For the medium and high income groups, larger households or those with children have a higher probability of consuming gasoline. Household size and the presence of children have larger 22 effects for the rich compared to the middle income group. Younger heads of households are more likely to consume gasoline in the middle and rich groups. Households with SOE employed heads are more likely to use gasoline than any other household types except self-employed. Gas (natural gas, pipe LPG, LPG or coal gas) are available in most parts of urban China. Demographic characteristics affect households' choice of using gas significantly, as shown in Table 7 . Larger and younger households are more likely to use gas for low income groups and less so for the medium and high income groups.
Price and expenditure elasticities by expenditure group
We begin by noting an interesting correlation for coal prices in this CUHS data set; in Figure 1 we plot average provincial coal prices versus the mean per capita coal consumption.
The prices over time are deflated using the CPI. There is a strong negative correlation between price and consumption, both within province and across provinces. This negative correlation comes from the provincial coal endowment and local government pricing policy. The results of estimating the AIDS system for each income group are given in Tables   8-10 . Demographic characteristics affect household energy consumption significantly in various ways. Households with children in the medium and high income groups consume relatively less coal and gas while using more electricity and gasoline. Poor households with children have higher shares of coal and heating and lower shares of electricity and gas.
Households with more family members spend relatively more on electricity. Age and employment status of household head do not influence the energy consumption of low income households significantly. Older people in medium and high income groups have higher shares of electricity and gas. Households whose head works in SOE use more electricity since they face cheaper electricity prices, while using less gas; recall their higher share of expenditures devoted to dining out, this lowers the use of gas for cooking. The coefficients from Tables 8-10 are used to compute the conditional elasticities of demand and these are given in Table 11 . For each income group, conditional own price elasticities are of the expected sign and significant at the 1% level, though most cross price elasticities are small, or insignificant. Poor households are very price elastic with respect to coal/heat given the strong pattern in Figure 1 .
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Unconditional elasticities of demand for individual energy are shown in Table 12 . For the low income group, demand is price elastic with respect to coal and heating and inelastic for electricity and gas. For the medium and high income groups, demand is price inelastic with respect to all energy types.
Own price-elasticities for electricity do not vary much across income groups; however, those of gas vary quite a lot. Higher income households are less price elastic for gas consumption while the poorer ones are somewhat price elastic. For the poor group, the price elasticity for coal is high (-1.031), and the cross-price elasticities have positive signs, implying that electricity and gas are substitute for coal. Specifically, the rich households are price-inelastic with respect to gasoline.
The estimates of expenditure elasticities in the energy group indicate that coal, gas, and electricity are necessities, while gasoline is a luxury good. Coal is the most elastic energy commodity for poor people. Gasoline is more elastic than other types of energy for rich people.
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Conclusion
We have estimated the residential energy demand system in urban China using detailed micro level household survey data. This was implemented in a two-stage budgeting framework allowing a simple, but complete, accounting of all consumption items. Such a set of national micro data has not been used for estimating Chinese household demands before.
We made a special effort to include the consumption value of housing which is not adjusted appropriately in the official expenditure survey, or other national surveys.
We used a Linear Expenditure System in the first stage allocating total expenditures to energy and non-energy baskets, and then use an Almost Ideal Demand System for detailed energy commodities in the second stage. We find that consumption patterns differ significantly by age of household head, presence of children and employment status of household head. We also find that energy consumption has a low income elasticity, that is, it is a necessity for households.
Electricity and gas are cleaner and available to most urban households today and are widely used. Medium and high income groups consume hardly any coal today but it constitutes nearly 20% of the total energy expenditures of low income households. Given overall income levels in China, the medium and low income groups consume very little gasoline in 2008, while it is more than 20% of the total energy consumption in high income households. This number might be understated considering that a large part of gasoline consumption is paid by employers (i.e. an income type transaction that is recorded as a business intermediate input).
Our estimated elasticities show that poor households are very sensitive to the price of coal and rich households are sensitive to the price of gasoline. Each of the three groups is price inelastic for gas and electricity.
The results of this kind of research are important for analyzing government policies on energy use and environment such as carbon control policies or gasoline taxes. A better understanding of household behavior is necessary for estimating the impacts of policies that affect the price of energy. As incomes rise and more automobile vehicles are purchased, the 32 rising vehicle emissions in China will be adding to the already very serious air pollution problem. Given our estimated elastic demand for gasoline, higher gasoline taxes may be an effective way to reduce pollution.
In addition, the Chinese government has invested heavily in electricity and pipe gas infrastructure. Given our estimated elasticities for electricity, gas and coal, it would seem to be a good policy to make piped gas even more widely available for making the transition towards cleaner fuels.
While we had to make a number of simplifications in constructing the data series and make adjustments for owner occupied housing, especially for the time series to identify the first stage function, we believe that we have obtained some plausible estimates of household demand behavior in urban China, and laid the base for future improvement in the data analysis and econometric work. Our estimates also allow for a better basis for projecting energy demand and thus the design of energy policies.
